While saccadic eye movements produce rapid shift of images of objects on the retina, the visual world is perceived as stationary (visual stability), but the precise mechanisms involved in such perception remain unclear. We investigated if visual stimuli existing before and/or after a saccade serve to preserve visual stability. Participants observed a vertical array of light-spots Xashing consecutively at the time of horizontal saccades. When total duration of the Xashing array was short (38 ms), large distortions of the array were observed. However, as duration increased up to 300 ms, distortion decreased or was completely eliminated. This demonstrated that visual images of a Xashing array momentarily perceived before and/or after saccades suppressed illusory distortion of arrays observed when a 38-ms array was used, implying that the same mechanism may be used to achieve transsaccadic visual stability in daily life.
Introduction
Saccadic eye movements produce a rapid shift of images of objects on the retina. However, the visual world is perceived as stationary (visual stability). So far, the precise mechanisms involved in visual stability remain unknown. A conventional explanation refers to the cancellation theory, in which, rapid shift of retinal images is supposed to be cancelled by an extraretinal signal about the position of the eye in the orbit (Helmholtz, 1866; Von Holst & Mittelstaet, 1950) . However, this explanation is incomplete because many studies suggested that the extraretinal signal was not adequate to completely compensate saccade-induced image displacements on the retina (Dassonville, Schlag, & Shlag-Rey, 1992; Grusser, Krizic, & Weiss, 1987; Honda, 1990 Honda, , 1991 . Saccade suppression is another important factor involved in visual stability. It is well known that rapid displacement of visual stimuli is not perceived when it occurs around the time of saccade execution (Bridgeman, Hendry, & Stark, 1975) . However, this phenomenon cannot account for visual stability, because it does not include the mechanism of integration of presaccadic and postsaccadic visual scenes. Ross, Morrone, and Burr (1997) discovered a saccade-contingent compression of the visual space, and suggested that this possibly explained why observers were so poor in detecting image displacements during saccades. However, it appears that compression of the visual space also cannot resolve problems of visual stability due to the same reason.
In contrast to visual stability that we experience in daily life, when a single light-spot is Xashed in the dark at the time of saccadic eye movements, it is perceived at a position that diVers from its veridical position (Matin & Pearce, 1965; Honda, 1990 Honda, , 1991 Burr & Morrone, 2003) . This illusion, referred to as 'perisaccadic mislocalization' in this paper, is robust, and shows that visual stability does not work under certain circumstances. Although the reason for this contradiction is unknown, the diVerence between the two cases is evident: under normal circumstances in which visual stability is preserved, visual images continue to exist before and after saccade execution, whereas perisaccadic mislocalization occurs exclusively when visual stimuli are perisaccadically presented for a short time in the dark without any continuous reference frame. Thus, it is reasonable to infer that visual stimuli existing before and/or after a saccade serve to preserve visual stability. This explanation is more plausible and persuasive than any other hypotheses proposed thus far (Von Holst & Mittelstaet, 1950; MacKay, 1973; Bridgeman, 1983) ; and, it appears to agree, at least in part, with many recent Wndings on detection of perisaccadic image displacements. Deubel, Bridgeman, and Schneider (1998) , for example, demonstrated that objects that were blanked for a short duration immediately after saccades were more often seen as jumping images, implying that continuously visible objects were preferentially perceived as stable. Similar results were proposed by Currie, McConkie, Carlson-Radvansky, and Irwin (2000) and McConkie and Currie (1996) . They found that displacements of the saccade target were much easier detected than those of the background, and also suggested that displacements were mainly detected on the basis of local information at the saccade goal. Findings stating that perisaccadic mislocalization is reduced by presenting a visual reference frame also indicate the importance of transsaccadically existing visual stimuli (Deubel, 2004; Honda, 1993 Honda, , 1999 .
Thus, it is evident that visual stimuli existing before and/or after saccade execution play an important role in maintaining transsaccadic visual stability. In this study, we used a vertical array of light-spots Xashing consecutively in the downward direction instead of a single light-spot, and explored its perception when presented at the time of a saccade. Two experiments were conducted. In Experiment 1, 3 types of arrays were used. Total duration of presentation of these arrays, i.e., time from the Wrst light-spot onset to the last light-spot oVset, was 38, 52, and 302 ms, respectively. When a short array (38 ms) was presented, all light-spots occasionally Xashed during saccades. In contrast, when a long array (302 ms) was used, many light-spots were presented immediately before and/or after a saccade. By comparing perceived trajectories of these arrays, we attempted to elucidate how visual stimuli that were presented before and/or after the saccade played a role in preserving visual stability. Experiment 2 was designed to investigate how array location in the visual Weld aVected perceived trajectories of arrays. An array of light-spots was placed midway between the original Wxation point and the saccade goal, just before the saccade goal, or beyond the saccade goal. Perceived trajectories at these 3 locations were compared, and their relationships to saccadecontingent compression of the visual space discovered by Ross et al. (1997) were examined.
Experiment 1

Methods
Three undergraduate students (AK, SM, and AI) participated in this experiment. Subjects were asked to sit at a table with his/her eyes 45 cm away from a black panel on which visual stimuli were placed. The subject's head was Wxed using a chin rest. A small red LED (30 cdm ¡2 , r D 0.25°) was placed 9° left of the straight ahead direction, and was used as Wxation point. The target for saccades (a small green LED, 30 cdm
¡2
, r D 0.25°) was placed 18° to the right of the Wxation point. In addition to these stimuli, a vertical array of light-spots (small red LED, 30 cdm ¡2 , r D 0.12°) was placed midway between the Wxation point and the saccade goal (Fig. 1) . As described below, the number of light-spots varied with experimental conditions, but distance between the topmost and the bottommost LEDs was constant, and maintained at 18°.
In each trial, the Wxation point was turned on for 1000-1500 ms, and the subject was asked to continue watching it. A saccade goal was turned on for 20 ms at the same time as the Wxation oVset, and the subject executed a saccade in the direction of the goal. Around the time of the saccade, an array of light-spots was presented. Three types of arrays were used. In the 38-ms array condition, 10 light-spots that were arranged vertically, midway between the Wxation point and the saccade goal, Xashed consecutively for 2 ms each in the downward direction. The inter-stimulus-interval (ISI) was 2 ms, resulting in a total duration of 38 ms. Distance between the topmost and the bottommost lights was 18°. In the 52-ms array condition, 6 LEDs Xashed consecutively for 2 ms each. ISI was 8 ms, resulting in a total duration of 52 ms. In the 302-ms array condition, 31 light-spots were used. Each light Xashed for 2 ms with an ISI of 8 ms, resulting in a total duration of 302 ms. Distance between the adjacent light-spots was adjusted such that the length of the array was the same as that of the 38-ms arrays (18°). The same ISI values (8 ms) were used in the 52-and 302-ms array conditions. Subjects reported their perception by drawing what they observed, i.e., the trajectory of the sequentially Xashing light-spots, on a paper on which positions of the Wxation point, the saccade goal, and the stimulus array were illustrated to the same scale as the actual stimulus arrangement. In order to prevent the subjects from exaggerating or deforming the perceived trajectories, they were repeatedly instructed to draw perceived data as exactly as possible, using landmarks illustrated on the paper (i.e., the Wxation point, the saccade goal, and the stimulus array) as reference points. The experiment was conducted in a dimly lit room, and the subjects had diYculty to see anything except for the stimuli and the paper used for reporting the perceived trajectories.
Position of the right eye was monitored using a scleralreXection method at a sampling rate of 1000 Hz. The beginning of a saccade was determined by using an amplitude criterion. A saccade was indicated when eye position deviated 0.3° from a base line: base line was the average eye position just prior to the saccade goal onset. This amplitude criterion is equivalent to a velocity criterion of about 20°/s. Overlap between time of presentation of the array and saccade execution occurred infrequently and by accident, particularly when total duration of the array was short. Therefore, total number of trials diVered among subjects.
Results
Perceived trajectories of 38-ms arrays
As long as the subjects' eye remained stationary, the lights were seen as a vertical stream. However, when they were presented at the time of saccades, trajectories of the light stream were drastically distorted in the horizontal direction. Fig. 2 shows typical appearances of Xashing lightspots in the 38-, 52-, and 302-ms array conditions. Distortion of trajectory was signiWcant when 38-ms arrays were perisaccadically presented. Results obtained from subject AK under this condition are shown in Fig. 3 . As shown in Fig. 3 , a large distortion was observed, particularly when the array was presented during saccade execution (Fig. 3e) . In this case, the topmost light-spot appeared on the right of its actual position, and was then seen to move diagonally toward the left of the bottom light-spot. As shown in Table  1 , mean duration of saccades was approximately the same as the total duration of the array (38 ms). This indicated that when signiWcant distortion was observed, only a few light-spots, if any, Xashed before or after the saccade.
In other cases, distortion was mainly observed for a part of the array, and it roughly overlapped in time with saccade execution ( Fig. 3b-d , f-h); it was not observed when the array was presented just prior to the beginning or after the completion of a saccade ( Fig. 3a and i ). This indicated that distortion of perceived trajectories was primarily caused by rapid displacement of images of sequentially Xashing lightspots on the retina.
Furthermore, we showed that perceived position of the topmost light systematically changed as a function of time relative to saccade onset (Fig. 4) . The time course of mislocalization of the topmost light was very similar to that previously reported for a single light-spot (Dassonville et al., 1992; Schlag & Schlag-Rey, 1995) . This suggested that the apparent position of the Wrst (topmost) stimulus of the array was induced by an inaccurate or "damped" eye position signal (Dassonville et al., 1992) , and many researchers believe that this basically explains mislocalization of a single light-spot. In addition, we noted that light-spots that Xashed after completion of saccades were never mislocalized ( Fig. 3f-h ). And Wnally, it also is interesting that no mislocalization was observed when an array was presented 40-49 ms before saccade onset ( Fig. 3a ¡40 to ¡49 ms) in which normally the distortion already occurs. This also seems to be the inXuence of the many presaccadic Xashes.
Perceived trajectories of 52-and 300-ms arrays
Next, we examined how arrays of light-spots were perceived when total duration of presentation of the array was prolonged. When 52-ms arrays were presented, the overall pattern of perceived trajectories was approximately the same as that in the 38-ms condition, except for the size of distortion which was generally decreased compared to that observed in the 38-ms array condition. In the 52-ms array condition, the largest distortion was also observed when the array was simultaneously presented with saccade execution. When saccade execution partially overlapped with array presentation, distortion of trajectories mainly occurred for light-spots presented during saccade.
The 302-ms array produced a visual impression that greatly diVered from that perceived by subjects when 38-or 52-ms arrays were used. At the time of saccade execu- tion, the sequentially Xashing light-spots showed a momentary displacement in saccade direction, but the size of distortion was small ( Fig. 2c and 5) ; it was approximately one-fourth or less of that observed in the case of the 38-ms arrays. In most of these cases, the light-spot returned to its veridical position within approximately 50 ms after the beginning of distortion. A more interesting Wnding was that, in a number of trials, the array of light-spots was observed as a straight vertical line lying in the subject's median plane, thus denying the occurrence of mislocalization of light-spots. This type of perception was seen in 76.8% and 54.7% of the total trials for subjects SM and AI, respectively.
Summary of results of Experiment 1
It was evident that large perceptual distortion of trajectories of a perisaccadically Xashed array of light-spots was exclusively observed when the total presentation time of the array was short; and when presentation time of arrays was long, i.e., probably 300 ms or more, perisaccadic mislocalization decreased in size or was completely eliminated. Fig. 6 shows averages of maximum size of distortion observed for the 3 types of arrays (i.e., 38-, 52-, and 302-ms arrays). We deWned the maximum size of distortion as the distance between the rightmost and leftmost positions of each trajectory. Although size of distortion varied with time between presentation of the Wrst light-spot and saccade onset, it was evident that size of distortion depended on total duration of the array.
Experiment 2
Methods
Experiment 2 was run in the same way as Experiment 1, except that the stimulus array was placed in 1 of 3 locations in the visual Weld; just midway between the Wxation point and the saccade goal, and at 2 other locations around the saccade goal (i.e., 4.5° left and right of the saccade goal). Two types of arrays (38-and 302-ms arrays) examined in Experiment 1 were used, resulting in 6 conditions of stimulus presentation (i.e., 3 stimulus array locations £2 types of arrays). Data were obtained from 5 subjects. Subject HH was the author, and subjects SM, AI, AK, and TF were university students. Each subject was given 6 blocks of 30-40 trials. In each block, stimulus arrays were presented in 1 of the 6 conditions deWned above.
In addition to these 6 blocks, each subject was given a supplementary block, in which each light-spot used in the 38-ms array condition was turned on for 20 ms with an ISI of 3 ms, resulting in a total duration of 227 ms. Thus, spatial arrangement of the light-spots in the supplementary block was the same as that in the 38-ms array condition, but total duration of arrays diVered between the two (227 vs. 38 ms). The supplementary block was conducted to examine whether the large distortion of perceived trajectories observed in the 38-ms array condition decreased when its total duration was enlarged. In the supplementary block, the stimulus array was always presented midway between the Wxation point and the saccade goal. Fig. 7 shows typical appearances of Xashing light-spots in the 38-ms array conditions, separately for the 3 array locations. As shown in this Wgure, distortion of perceived trajectories was prominent when the array was presented midway between the Wxation point and the saccade goal. Distortion was also observed when arrays appeared at the location beyond the saccade goal (i.e., 4.5° right of the saccade goal). However, in this case, the size of distortion was smaller than that observed at the two other locations.
Results
EVects of stimulus array position
To examine this Wnding in more details, we calculated the average of perceived trajectories for trials in which the Wrst topmost light-spot was Xashed within a time interval between 9 ms before and 10 ms after saccade onset. In these trials, almost all light-spots Xashed during saccades, and therefore, a large distortion was observed. Fig. 8 shows results obtained from each subject, separately for the 3 stimulus-array positions. Although the size of distortion diVered among the 3 array positions, it was evident that the overall shape of trajectories was approximately the same. Next, we calculated the average of the maximum sizes of distortion (i.e., distance between the rightmost and leftmost positions for each trajectory) observed in the trials. Results for the 3 array positions are shown in Fig. 9a , separately for each subject. According to one-factor ANOVA applied to the data averaged for the 5 subjects, eVect of stimulus array location was signiWcant (F [2, 8] D 36.1, p < .01). In addition, distortion at the location beyond the saccade goal (i.e., 4.5°r ight of the saccade goal) was signiWcantly smaller than that at 4.5° left of the saccade goal (F [1, 4] D 18.6, p < .05) and just midway between the Wxation point and the saccade goal (F [1, 4] D 70.5, p < .01).
Similar results were obtained for the 302-ms arrays (Fig. 9a) . In the 302-ms array condition, saccades almost always occurred during stimulus array presentation. Therefore, we calculated the average of maximum sizes of distortion for all trials, irrespective of timing of stimulus array presentation. Size of distortion signiWcantly diVered among Fig. 6 . Average sizes of maximum distortion of perceived trajectories as a function of predetermined time interval between initiation of stimulus presentation and saccade onset in the 38-, 52-, and 302-ms array conditions. Each symbol indicates average maximum distortion, which was computed for every 10-or 40-ms predetermined time interval, separately for each subject (circle, SM; square, AK; diamond, AI). Error bars indicate standard errors. , and the largest distortion was shown when the stimulus array appeared midway between the Wxation point and the saccade goal. However, the most signiWcant Wnding was that, at every stimulus array location, distortions in the 302-ms array condition were much smaller than those in the 38-ms array condition, conWrming results of Experiment 1. Indeed, as in Experiment 1, in a number of trials in the 302-ms array condition in Experiment 2, the array was observed as a straight vertical line, denying the occurrence of mislocalization. This type of perception was seen in 28%, 45%, 8%, and 33% of the total trials of subjects SM, AI, AK, and TF when the array was presented midway between the Wxation point and the saccade goal; in 43%, 32%, and 28% of the total trials of the subjects SM, AI, and TF when the array appeared 4.5°l eft of the saccade goal; and in 18%, 93%, 82%, 11%, and 86% of the total trials of subjects HH, SM, AI, AK, and TF when the array was presented 4.5° right of the saccade goal. Fig. 9b shows the maximum size of distortions observed in the supplementary block. For all subjects, the size of distortion in this block was smaller than that observed in the 38-ms array condition. In addition, subjects frequently saw the array as a straight line. This type of perception was seen in 39%, 17%, and 23% of the total trials of subjects SM, AI, and TF, respectively.
Compression of visual spaces
To explore how saccade-contingent compression of visual space was reXected in the distortion of perceived trajectories observed in the present study, we calculated a compression index measure. This corresponded to the diVerence between the average distortions of arrays presented at 2 locations around the saccade goal (i.e., 4.5° right and left of the saccade goal) normalized against the actual distance between the 2 locations (9°). Results are shown in Fig. 10 , in which the minus sign in the ordinate indicated that the distance between perceived trajectories observed at these 2 locations was shorter than the actual distance. As shown in Fig. 10 , the compression index curve was distorted in the minus direction, suggesting that compression of visual space took place. To statistically examine size of compression, a post hoc t-test was applied to index values at 9 positions on the abscissa selected in 2-° steps. We found that the index value was signiWcantly diVerent from 0 (ts (4) > 2.8, p < .05) at 6 positions indicated in Fig. 10. 
Summary of results of Experiment 2
For both the 38-and 302-ms arrays, saccade-contingent distortion of perceived trajectories was most prominent when the stimulus array was presented midway between the Wxation point and the saccade goal, and was relatively small when it appeared at a position beyond the saccade goal. However, the size of distortion was much smaller for the 302-ms array than for the 38-ms array. Furthermore, distortion drastically decreased when total duration of the stimulus array used in the 38-ms array condition was enlarged up to 227 ms by turning on each light-spot for 30 ms instead of 2 ms, distortion of perceived trajectories decreased to a great extent. Finally, saccade-contingent compression of visual space also occurred in the present study in which an array of light-spots was used as a test stimulus instead of a single Xash stimulus.
Discussion
Roles of presaccadic and postsaccadic visual information
This study aimed to obtain experimental evidence to validate if visual stimuli existing before and/or after a saccade serve to preserve visual stability. For this purpose, instead of a single light-spot stimulus, we used a vertical array of light-spots Xashing consecutively in the downward direction, and explored their perception when presented at the time of a saccade. In Experiment 1, 3 types of arrays, i.e., 38-ms, 52-ms, and 302-ms arrays, were used. When the 38-ms array was presented, all light-spots occasionally Xashed during the saccades. On the other hand, when the long array (302 ms) with a duration exceeding that of the average saccade duration (35-40 ms) was used, many Xashing light-spots were presented to the stationary eye for a short time before and/or after saccade execution. In this case, it was expected that mislocalization would be comparatively decreased as a long array was used. Results of the present study supported the hypothesis that visual stimuli existing before and/or after a saccade serve to preserve visual stability. Indeed, when a long array was used, mislocalization was decreased or was completely eliminated. These Wndings were also replicated in Experiment 2. Thus, our Wndings suggested that visual information perceived by the visual system before and/or after a saccade formed a major source of information used to produce a perceptually straight trajectory of arrays. Lappe, Awater, and Krekelberg (2000) found that saccade-contingent compression occurred only if visual references were available immediately after, rather than before or during, a saccade; and suggested that transsaccadic visual stability was maintained by postsaccadic visual information. In the present experiments, the light-spots presented well before or after saccade execution are thought to serve as a visual reference frame for visual localization. Fig. 8b and c. The thin curves are individual data, and the hick curve indicates averages for the 5 subjects. The abscissa indicates the position of light-spots in the array. Zero and 18 on the abscissa represent the positions of the Wrst (topmost) and the last (bottommost) light-spots, respectively. The minus sign in the ordinate shows that a perisaccadic compression of space took place. Asterisks attached to the average data show that the value of compression index at this position was statistically diVerent from zero. Therefore, if Lappe et al.'s views are correct, it is expected that distortion of perceived trajectories will get smaller as the number of postsaccadically presented light-spots increases. This was the case, to a certain extent when the 38-ms array was used. Light-spots presented immediately before saccade onset were mislocalized in the saccade direction (Fig. 3c-e and 4) , whereas those presented immediately after saccade completion were perceived at their actual position, and mislocalization occurred only for light-spots presented during the saccade (Fig. 3f-h) . However, results for the 302 ms-array condition were not consistent with Lappe et al's views. A shown in Fig. 5 , there was no systematic relationship between size of perisaccadic mislocalization (distortion of perceived trajectories) and duration of arrays Xashed after saccade completion. Thus, it seems that Lappe et al.'s ideas were not applicable to perisaccadic mislocalization examined in long time ranges such as in the 302-ms array condition. Therefore, results from the 302ms-array condition suggested that transsaccadic visual stability was maintained by presaccadic and postsaccadic visual information.
At present, the precise mechanisms of visual stability are unknown. However, our visual system appears to suppress distorted trajectories generated by saccade-contingent retinal image displacements by extrapolating or interpolating straight trajectories of arrays observed just prior to and after saccade execution into blurred perceived images during saccades.
It is well known that perisaccadic mislocalization is aVected by many factors such as amplitude of saccades. Large saccades produce large mislocalization. However, in this study, as shown in Table 1 , mean saccade amplitude was approximately the same among the 3 conditions, i.e., short (38 ms), medium (52 ms), and long (302 ms). This was also the case in Experiment 2 (Table 2) . These results excluded the possibility that the diVerence in size of mislocalization was caused by a variance in saccade amplitude.
In addition, it should be noted that ISI between Xashings of each LED was the same, i.e., 8 ms for both 52 ms and 302 ms arrays. Therefore, a decrease or elimination of mislocalization, as shown in the 302-ms array condition, cannot be ascribed to the number of LEDs Xashed during the saccade.
Although ISI was the same in the 50-and 302-ms array conditions, the spacing between the LEDs was 3.6° for the 52-ms array, and was 0.6° for the 302-ms array. Therefore, it was possible that the subset of light-spots from the more closely spaced 302-ms array that Xashed during the saccade was seen as connected parts of a single object, and consequently was not subjected to perisaccadic visual distortion (Matsumiya & Uchikawa, 2001) . We explored this possibility as a supplementary experiment of Experiment 2, in which each LED used in the 38-ms array condition was turned on for 20 ms with a 3-ms ISI, resulting in a total stimulus duration of 227 ms. The spacing between the LEDs in this supplementary condition was the same as that in the original 38-ms array condition. The results (Fig. 9b) showed that the size of distortion of perceived trajectories decreased to a great extent. This Wnding strengthened the suggestion that transsaccadic visual stability was mainly maintained by pre-and post saccadic visual information.
EVects of stimulus array location
Distortion of perceived trajectories was relatively small when it appeared at a position beyond the saccade goal compared to that observed at the other 2 locations (Experiment 2). Although the reason for this diVerence is unknown, one possible reason may be that decrease in distortion is a reXection of perisaccadic compression of space around the saccade goal, because, as shown in Fig. 10 , it was indicated that perisaccadic compression of space actually also occurred in the present study. Furthermore, one may presume from this Wnding that perisaccadic compression of space is the main factor for achieving transsaccadic visual stability. However, this explanation seems unsatisfactory, because, in the 38-ms array condition, a substantial distortion was observed even when the array was presented at a location beyond the saccade goal. In contrast, duration of the stimulus array remarkably aVected perisaccadic perception; when duration of the stimulus array was long (302 ms), distortion decreased or diminished, favoring the explanation based on the pre-and postsaccadic visual information. Kennard, Hartmann, Kraft, and Glaser (1971) examined perisaccadic mislocalization using a moving light-spot. In their experiments, a spot of light moved vertically downward on an oscilloscope screen as the eyes moved from left to right. The subjects reported their perception by drawing what they saw on the screen. Kennard et al. reported that the illusory trajectory of the spot was very similar to the mislocalization curve in the case of a light-spot Xashed at the time of the saccades. Mislocalization in the saccade direction started well before the eye began to move, and reached a maximum at approximately the same time as the saccade onset. Later, during the saccade, error reversed direction and mislocalization opposite to the saccade direction occurred. On the other hand, when the target began to move immediately after saccade onset, mislocalization appeared abruptly at the position near the saccade goal, and then moved in the direction opposite to the saccade. Similar Wndings were reported by MateeV (1978) . In his experiments, when a subject executed a horizontal saccade from left to right, a target stimulus moved synchronously with the saccade in the upward direction. The target initially appeared to jump to the right (i.e., in the saccade direction), and then moved toward the actual position of the target after the saccade. Findings from these 2 previous studies are consistent with results obtained in our study. When a 38-ms or 52-ms array was perisaccadically presented, the Wrst light-spot was displaced in the saccade direction, and it then moved in the direction opposite to the saccade (Fig. 3) .
Perception of a continuously moving target
Implications for a phantom array
Hershberger (1987) asked his subjects to execute a saccade across a point light source Xickering on and oV at 120 Hz. Most subjects reported that when they executed a saccade, the light source jumped in the direction of the saccade, moved in the direction opposite to the saccade, and Wnally stopped near its physical position. Hershberger termed this perceptual phenomenon as the phantom array. Recent studies have indicated that the phantom array is perceived only when the Xickering stimulus overlaps in time with a saccade execution (Sogo & Osaka, 2001; Watanabe, Noritake, Maeda, Tachi, & Nishida, 2005) . Watanabe et al. also stressed that perceived lengths and positions of presaccadic Xickers did not coincide with the prediction from the time course of mislocalization of a perisaccadic single Xash, and they rejected the simple cancellation theory as an explanation of localization of perisaccadic continuous Xickers.
As shown in Fig. 4 , when a short (38 ms) array was used, the perceived position of the Wrst light-spot was displaced in the saccade direction even when it was Xashed well before saccade initiation, and reached a maximum when it was presented at the time of saccade onset. This mislocalization curve was very similar to that reported for a perisaccadically Xashed single light spot.
How can we explain the discrepancy in localization errors of targets presented before saccade onset reported by early phantom array experiments and those by the present study? O'Regan (1984) suggested that perisaccadic stimuli were localized at a Wxed position in space as long as they were successively projected to the same retinal position, whereas they were observed at various positions when they were projected to diVerent retinal positions. It has also been reported that a continuous visual stimulus is perceived at its veridical position as long as it is extinguished before saccade onset (Cai, Pouget, Schlag-Rey, & Schlag, 1997; Schlag & Schlag-Rey, 1995) . In addition, as described in the previous section, Kennard et al. (1971) demonstrated that when a target began moving immediately after saccade onset, it appeared abruptly at the position near the saccade goal, whereas when it began moving before saccade onset, and mislocalization that was very similar to that of a perisaccadically Xashed single light-spot was observed.
Based on these observations, we can speculate that a Xickering stimulus is localized at its veridical position as long as it stimulates the same position on the retina, but is mislocalized just at the moment it is projected to a new, diVerent retinal position. In phantom array experiments, a Xickering light source is projected to the same retinal position until the eye begins to move. Thus, the light source is perceived at its physical position. However, when a saccade occurs, the light source is projected to a new retinal position, and it is observed at a position near the saccade goal, possibly because of incorrect extraretinal eye position signals. On the other hand, when an array of light-spots is used, each light-spot stimulates diVerent retinal positions, and therefore they are expected to be mislocalized even when presented before saccade execution. We conWrmed this in the present study.
Conclusion
Although recent neurophysiological studies reported that cells in the V2, V3 (Nakamura & Colby, 2002) , V4 (Moore, Tolias, & Schiller, 1998; Tolias et al., 2001 ), LEP (Kusunoki & Goldberg, 2003) , FEP (Umeno & Goldberg, 1997) , SEF (Olson & Gettner, 1995) , and SC (Wakler, Fitzgibbon, & Goldberg, 1995) were involved in maintaining visual continuity across saccadic eye movements, remapping and integration of the visual scene viewed after saccades with those viewed before saccades remain unknown. Our psychophysical data showed that visual stimuli existing before and/or after saccade execution played an important role in maintaining transsaccadic visual stability, and explained the spatiotemporal progress of perceptual processing, thereby achieving visual stability. It should be noted that in our experiments, the stimulus presented was an array of Xashing light-spots, neither two-dimensional nor three-dimensional visual scenes. However, we believe that our data are essentially applicable for explaining visual stability experienced in the normal visual environment.
